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A Deep Fuzzy Classifier Based on Feature Transform and Reconstruction

Abstract

Abstract: To obtain a classifier with good classification accuracy and interpretability, a deep fuzzy
classifier based on feature transform and reconstruction (FR-DFC) is proposed. In FR-DFC, several fuzzy
systems (FT_FS) for feature transform and a multi-prototype fuzzy classification system (MPRFD_FS) are
stacked together to realize the classification process of the model, based on the hierarchically stacked
thought originated from deep learning. Specifically, the stacked FT_FSs explore the hidden features in the
data by transferring data from the original data space to the high-level feature space. MPRFD_FS, on the
other hand, implements classification based on multiple prototypes that characterize the distribution of
classifications in the high-level feature space. In addition, the proposed FR-DFC uses several fuzzy
systems (RE_FS) for feature reconstruction to establish the mapping relationship between the high-level
feature space and the original data space and establishes an understandably approximate fuzzy classifier
in the original data space to ensure the interpretability of FR-DFC. Besides, FR-DFC utilizes gradient
descent-based and end-to-end learning patterns to optimize the parameters of the model. The optimized
objective function contains a classification loss function and a reconstruction loss function, which
ensures both classification accuracy and interpretability of the model. Experimental results demonstrate
that FR-DFC not only improves the classification accuracy but also possesses interpretability.
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Abstract: To obtain a classifier with good classification accuracy and interpretability, a deep fuzzy
classifier based on feature transform and reconstruction (FR-DFC) is proposed. In FR-DFC, several fuzzy
systems (FT _FS) for feature transform and a multi-prototype fuzzy classification system (MPRFD_FS)
are stacked together to realize the classification process of the model, based on the hierarchically stacked
thought originated from deep learning. Specifically, the stacked FT FSs explore the hidden features in the
data by transferring data from the original data space to the high-level feature space. MPRFD FS, on
the other hand, implements classification based on multiple prototypes that characterize the distribution
of classifications in the high-level feature space. In addition, the proposed FR-DFC uses several fuzzy
systems (RE_FS) for feature reconstruction to establish the mapping relationship between the high-level

feature space and the original data space and establishes an understandably approximate fuzzy classifier
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in the original data space to ensure the interpretability of FR-DFC. Besides, FR-DFC utilizes gradient

descent-based and end-to-end learning patterns to optimize the parameters of the model. The optimized

objective function contains a classification loss function and a reconstruction loss function, which

ensures both classification accuracy and interpretability of the model. Experimental results demonstrate

that FR-DFC not only improves the classification accuracy but also possesses interpretability.
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Table 3 Hyper parameters of FR-DFC for the first group of
comparison experiments

HEE  d M, N, Py,

KDD 2 14,11 %:1.8,7,7.7.6:3,3,9.6, 50 176
7,7.8,4,5,5,1,3,6,1,2,5

MUK 3 74,4 7.1 1088

MUM 2 43 1,2 1888
ADU 3 14,138 7.4 3584
MAG 3 95,5 1,5 7 680
ELE 1 6 48 4 608
SKI 2 32 9.8 21 504
SEI 2 9,5 43 32
PAG 1 4 5,6,2,3,7 512
THY 2 13,9 58,4 704
MBO 2 10,2 3,7 10 240
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Table 4 Hyper parameters of FR-DFC for the second group
of comparison experiments

ik d M, N, P,

KDD 2 14,2 5:1,3.2,5,8,2,.2, 4,54, 35000
3,8,2,5,3,7,9,7,3,4,8,3

MUK 1 10 7.1 2292

MUM 3 11,52 55 756
ADU 1 4 6,5 7120
MAG 4 6444 1,8 6 096
ELE | 5 54 4048
SKI 1 2 2,9 40 000
SEI 1 7 8.4 1268
PAG 2 6,6 1,7,4,2,9 2036

53T ESEEe  FR-DFC (1 24
Table 5 Hyper parameters of FR-DFC for the third group of
comparison experiments

Hiigk d M, N, P,

<ob 1 S 4,5,6,8,1,4,7,6,2,6,4, 05 000
3,3,5,7,5,4,2,9,2,4,5.5

MUK 2 5.4 3,3, 2548
MUM 5 155543 6.8, 756
ADU 1 11 3,5, 22 480
MAG 3 444 5.4, 5072
SKI 1 2 4.6, 30000
SEI 4 7,754 4,6, 1524
PAG 1 8 3,3,7,6,7 1268
THY 2 14,6 52,6 1012
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Table 6 Classification accuracy of comparison experiments between FR-DFC and classic classifiers %
PaE RF GSVM MLP TSK-0 TSK-1 SF-DNN HFF-DNN FR-DFC
KDD 98.4+0.1 99.9+0.0 98.8+0.0 44.14£3.9 50.442.1 98.9+0.1 98.2+0.0 99.9+0.0
MUK 89.7+0.5 94.3+0.4 98.5+0.3 61.7+6.5 76.1£6.1 97.7£0.7 97.8+0.6 98.8+0.6
MUM 99.7+0.3 100.0+0.0 100.0+0.0 78.84+28.7 98.4+1.5 100.0+0.0 99.9+0.1 100.0+0.0
ADU 82.2+0.3 83.7+0.3 84.2+0.0 74.7+0.2 76.4+0.2 83.5+0.1 84.3+0.1 84.9+0.2
MAG 79.0£1.4 85.4+0.1 86.0+0.7 75.1£0.6 76.4+0.5 83.1+0.5 84.5+0.6 86.5+1.1
ELE 77.6+0.4 79.4+0.0 78.9+0.1 61.5+0.2 69.8+0.2 76.1+0.5 77.0+0.3 80.1+1.0
SKI 98.9+0.1 99.5+0.0 99.7+0.1 79.5+0.3 90.4+0.4 98.0+0.0 98.4+0.1 99.7+0.1
SEI 93.1+0.1 93.1+0.1 93.1+0.1 91.4+0.1 92.7£2.0 93.4+0.1 93.4+0.1 93.4+0.0
PAG 95.6+0.2 94.5+0.3 93.6+0.4 85.3+0.7 90.2+0.7 93.4+0.8 93.6+0.1 96.3+0.0
THY 93.0+0.4 93.8+0.0 95.7+0.2 93.2+1.1 93.4+0.4 95.3£1.0 96.8+1.3 97.8+0.2
MBO 84.3+0.6 87.7+0.2 82.1+0.8 80.1+0.1 83.4+0.3 84.1+0.1 86.4+1.4 91.8+0.3
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Table 7 Classification accuracy of comparison experiments
between FR-DFC, D-TSK-FC, and DFRBCS %

IrRAE D-TSK-FC DFRBCS FR-DFC
KDD 56.8 98.1 99.4
MUK 94.2 93.1 98.7
MUM 94.9 99.2 99.9
ADU 78.2 83.0 84.3
MAG 77.3 82.3 84.3
ELE 75.0 75.1 79.7
SKI 94.8 98.4 98.7
SEI 93.3 93.5 93.5
PAG 94.0 94.2 96.1
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Table 8 Classification accuracy of comparison experiments

between FR-DFC, DSA-FC, FAT-DSA-FC, and DFRBCS
%

K% DSA-FC FATI;ESA' DFRBCS  FR-DFC
KDD  632+0.7  63.1£0.5 — 99.1+0.3
MUK 923402  91.6+0.4 — 97.1+1.6
MUM  100.0+0.0 99.7+0.2  100.0+0.0
ADU  927£0.1  93.1x0.1 — 86.7+0.5
MAG  83.5+0.1 — 83.9+0.9  84.8+1.3

SKI  93.840.0  93.7+0.0 — 99.1+0.4
SEI  94.7+0.1 — 93.4+0.0  93.4+0.0
PAG  93.5+0.3 — 94.9+1.0  96.6+0.8
THY  94.4%0.1 95.5£0.6  98.3+0.4
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